This study aimed at evaluating the effects of trailer design on stress responses and meat quality traits of 3 different pig crosses: 50% Pietrain breeding with halothane (HAL) Nn (50Nn); 50% Pietrain breeding with HAL NN (50NN); and 25% Pietrain breeding with HAL NN genotype (25NN). Over a 6-wk period, pigs (120 pigs/crossbreed) were transported for 7 h in either a pot-belly (PB) or fl at-deck (FD) trailer (10 pigs/crossbreed −1. trailer −1. wk −1 ). Temperature (T) and relative humidity (RH) were monitored in each trailer. Behaviors during loading and unloading, time to load and unload, and latency to rest in lairage were recorded, whereas a sub-population of pigs (4 pigs/crossbreed −1. trailer −1. wk −1 ) was equipped with gastro-intestinal tract (GIT) temperature monitors. Blood samples were collected at exsanguination for measurement of cortisol, creatine kinase (CK), lactate, haptoglobin, and Pig-MAP concentrations. Meat quality data were collected at 24 h postmortem from the LM and semimembranosus (SM) and adductor (AD) muscles of all 360 pigs. Greater T were recorded in the PB trailer during transportation (P = 0.006) and unloading (P < 0.001). Delta GIT temperature was greater (P = 0.01) in pigs unloaded from the PB. At loading, pigs tended to move backwards more (P = 0.06) when loaded on the FD than the PB trailer. At unloading, an interaction was found between trailer type and crossbreed type, with a greater (P < 0.01) frequency of overlaps in 50NN and 25NN pigs and slips/falls in 50Nn and 50NN pigs from the FD than the PB trailer. Cortisol concentrations at slaughter were greater (P = 0.02) in pigs transported in the PB than FD trailer. Greater lactate concentrations were found in 50Nn and 50NN pigs (P = 0.003) and greater CK concentrations (P < 0.001) in 50Nn pigs. As expected, 50Nn pigs produced leaner (P < 0.001) carcasses, with greater (P = 0.01) dressing percentages, as well as lower (P < 0.001) ultimate pH values and greater (P < 0.001) drip loss percentages in the LM and greater (P = 0.002) drip losses and a paler color (greater L* values, P = 0.02) in the SM than 50NN pigs. When used for long distance transportation under controlled conditions, the PB trailer produced no detrimental effects on animal welfare or pork quality. Pigs with 50% Pietrain crossbreeding appear to be more responsive to transport stress, having the potential to produce acceptable carcass and pork quality, provided pigs are free of the HAL gene. 
INTRODUCTION
The use of pot-belly (PB) trailers has been implicated with increases in dead-on-arrivals reported in a recent Canadian swine transport survey (Dewey et al., 2009) . The PB trailer is very common in Canada because of its large loading capacity; however, it has been criticized because of the presence of multiple (up to 5) and steep (> 20° slope) internal ramps which make the loading and unloading procedures time-consuming and stressful to pigs (Cormier and Doonan, 2008; Torrey et al., 2008) . The PB trailer is now raising additional concerns for some swine producers because of the expectation that the use of Pietrain terminal sires in the selection programs will increase in the years to come (D. Godbout, Genetiporc Inc., St-Bernard, QC, Canada, personal communication) . Pigs of Pietrain genetics are known to be leaner and more effi cient but also to be more susceptible to stress than other genotypes, resulting in greater mortality rates and inferior pork quality (Fàbrega et al., 2004) . These negative effects are related to the greater frequency of the halothane (HAL) gene in the population (Leach et al., 1996; Murray and Johnson, 1998; Gispert et al., 2007) . Thus, the negative effects of the HAL gene may make the use of these genetics unpopular since there is evidence that the effects of the HAL gene on pork quality may be exacerbated in stressful environmental conditions associated with transportation in PB trailers (Pommier and Houde, 1993; de Vries et al., 2000) . It is unclear, however, whether the response of Pietrain pigs to stress is related to the presence of the HAL gene or to the breed itself. The answer to this question is of paramount importance to reduce transport losses and minimize meat quality variation. Therefore, the aim of this study was to investigate the effects of trailer design on the physiological and behavioral responses to transportation stress and on carcass and pork quality traits of Pietrain pigs carrying the HAL gene transported over a long distance.
MATERIAL AND METHODS
All experimental procedures performed in this study were approved by the institutional animal care committee based on the current guidelines of the Canadian Council on Animal Care (1993) .
Animals and Treatments
In a 6-wk trial (6 loads), a total of 360 barrows (BW 115 ± 5kg) were transported for 7 h (450 km) from a commercial growing-fi nishing farm to a slaughter plant located in eastern Canada by 2 types of trailers [a 3-decked PB trailer equipped with 2 internal ramps vs. a 3-decked fl at-deck (FD) trailer equipped with middle and upper hydraulic decks and no internal ramps; Figure 1 ]. Pigs were progenies from crosses of Pietrain homozygous halothane recessive (HAL nn ), Pietrain homozygous halothane dominant (HAL NN ), and Duroc × Pietrain (homozygous halothane dominant, HAL NN ) sire lines mated to F-20 sows (Genetiporc Inc., St-Bernard, QC, Canada), resulting in 3 swine crossbreds: 50% Pietrain crossbreeding with HAL Nn genotype (50Nn); 50% Pietrain crossbreeding with HAL NN genotype (50NN); and 25% Pietrain crossbreeding with HAL NN genotype (25NN). Transport groups were prepared 4 to 5 d before loading and kept in separate fi nishing pens by genotype and trailer type and were not mixed within the trailer. Loading started at 2000 h, and the loading order between trailers was rotated every week to avoid the effect of the time of the day (light and temperature) on trailer microclimate and pig response to handling at loading. The PB trailer used in this study transported 222 pigs on the 3 decks distributed in 13 compartments (5 in the upper and middle decks and 3 in the belly; Figure 1a ). Pigs were loaded in groups of 3 to 4 pigs through an external ramp and had to climb an internal ramp (22° slope) to reach the upper deck or descend an internal ramp (41° slope) to reach the belly compartments. In the middle deck, pigs only used the external ramp to go to the compartments. The FD trailer had a loading capacity of 235 pigs distributed in 3 decks composed of 8 compartments (3 on upper and middle, and 2 in the bottom deck; Figure 1b) . However, to respect the loading density applied in the other compartments on both trailers, compartments 3, 4, and 7 were adjusted in size and subdivided into subcompartments by a wooden panel (Figure 1b ). Transport trials were run in July and October 2009 (3 journeys or replicates each month). Side-slats were used according to the external temperature thresholds following the NPB (2008) recommendations, keeping the porosity settings consistent in each trailer. Feed was withdrawn from all pigs 9 h before loading (19 h from last feed to slaughter), and pigs were loaded on each trailer using paddles and boards. Each trailer was loaded to its full capacity and test pigs were distributed into 3 separate compartments (5, 6, and 11 in the PB trailer and 3, 4, and 7 in the FD trailer), in terms of 1 compartment per crossbreed, at an average loading density of 0.43 m 2 /pig. A rotation of the group position in each trailer according to the pig genotype was done at every load to avoid the confounding effect of the truck compartment on the responses of the pigs to transportation. Within each group of 3 to 4 pigs, 1 pig was randomly chosen for the study of the physiological response (4 pigs/ crossbreed −1 • trailer −1 • load −1 ). This pig, plus another 6 to 7 pigs selected within the same group, was also used for the meat quality assessment (10 pigs/crossbreed −1 • trailer type −1 • replicate −1 ). The driver of each trailer and the handler at the farm were the same through the 6 wk. On arrival at the plant, pigs were unloaded using a whip only and driven to separate lairage pens on the basis of the transport compartment (no mixing). After a 90-min lairage period, pigs were electrically stunned (head-to-chest electrical stunning) and exsanguinated in the prone position.
Trailer Temperature and Humidity
The temperature (T) and relative humidity (RH) of air in each truck compartment were monitored using data loggers (i-Button, Dallas Semiconductor, Maxim Integrated Products, Sunnyvale, CA) consisting of a 17-× 6-mm stainless steel can containing sensory data and storage equipment. The logger had a T range of −20 to +85°C, with an accuracy of ±0.5°C and RH range of 0 to 100%, with sensitivity of ±0.6%. Five loggers were securely mounted approximately 6 cm below the ceiling of each selected compartment. One logger was positioned in the center of the compartment, and the remaining 4 were placed 15 cm from the midpoint of each wall. The T and RH of air outside of the truck were also recorded by 2 similar loggers mounted on the side-mirrors of each tractor. Data, recorded once each minute, were downloaded from the loggers after each trip and included T and RH from just before loading at the farm until the last pig exited the trailer at the abattoir. Occurrence of key events (start of loading, start of trip, and start, and end of unload) were noted and identifi ed in the string of T and RH data. The data were later imported into Microsoft Excel (version 2002, Microsoft Corp., Redmond, WA) for analysis. The temperature humidity index (THI) of each trailer was calculated according to the NRC (1971) formula: THI = {T -[0.55 -(0.0055 × RH)]} × [(1.8 × T) -26]. Delta temperature (DT) and delta humidity ratio (DHR) values for each trailer and its compartments were calculated using trailer T and HR data. Using the recorded T and RH data, the humidity ratios (HR) were calculated as the mass of water vapor per unit mass of dry air in (g/ kg). Using HR to represent the quantity of water vapor in air was preferred, because these data are independent of T, unlike RH. The DT and DHR values were obtained by calculating the difference in temperature and humidity ratio values between the air inside and the ambient air outside the trailer (Brown et al., 2011) . The intra-trailer environmental indicators (T, DT, RH, HR, DHR, and THI) were evaluated during 4 different time periods: before loading (last hour before the start of loading), loading, transportation, and unloading.
Behavioral Observations
Behavior at Loading. Behavior of pigs was recorded using 2 digital camcorders (DCR-HC48; Sony, Sony of Canada Ltd., Toronto, ON, Canada) installed using 3 camera mounts overhead at the loading ramp and the alley at the loading ramp. The cameras recorded all occurrences of pig behavior (Table 1 ) from a predetermined start gate at the farm alley until the trailer gate. The course was divided into 2 zones; zone 1 was the alley from the start gate until farm door and zone 2 was between the farm door and the end of the external ramp (trailer door). Total frequency of a given behavior represented the sum of zones 1 and 2. Video recordings were analyzed by a trained observer using a handheld Psion Workabout (HC-110, Psion Inc., Mississauga, ON, Canada) computer. The total time taken to move pigs from the starting gate through the door of the trailer was noted as well as all occurrences of manipulator interventions needed to move the pigs (Table 2) . Behavior at Unloading. Pigs were unloaded by compartment at the abattoir and driven into lairage pens segregated by truck compartment at a density of 0.54 m 2 /pig. A video camera (DCR-HC48; Sony, Sony of Canada Ltd.) was placed at the entrance of the lairage room, mounted on the side wall of the corridor, to register behavior during unloading. Total time to unload each compartment was noted using a chronometer, and images were analyzed by a trained observer for all occurrences of slipping/falling, overlapping, turning around, backing up, going backwards, underlapping, vocalization, balks, and squeeze (Table 1) .
Behavior in Lairage. Behavior during lairage was recorded using video cameras (WV-BP50, Panasonic Canada Inc., Mississauga, ON, Canada) installed overhead in the pens and connected to a digital encoder (Nextiva S5712e, Verint, Melville, NY). Images were captured and registered by the Omnicast system (version 4.0; Genetec Inc., Montréal, QC, Canada) at a frequency of 5 to 7 images/s. Scan sampling was used at 2-min intervals to determine the number of pigs lying (Lehner, 1996) . To assess the recovery rate of the pigs after transport, the total time necessary for 75% of the pigs from the same pen to rest (latency to rest) was determined from video recordings. As pigs were showered for the fi rst 10 min of lairage in the pen, the latency to rest was calculated starting from the end of showering to avoid the confounding effect of this practice on pig behavior (Weeding et al., 1993) .
Physiological Measurements
Approximately 10 h before loading, a total of 144 pigs (24/wk) were orally administered Thermocron i-Button data loggers (model DS1921H; Dallas Semiconductor, Maxim Integrated Products, Sunnyvale, CA) to monitor gastro-intestinal tract (GIT) temperature using a snare, a heavy gauge metal "pig gag", and balling gun. Each data logger was programmed to begin recording from 1 h before loading until slaughter, and to log temperature once per minute. The GIT temperature was measured in 0.125°C increments with ±1°C accuracy (range of 15 to 46°C). Data loggers of selected pigs were recovered after dissection of viscera during the slaughter process. Later, data from 118 pigs (81.9% recovery) were downloaded onto a laptop computer, and GIT temperatures were evaluated for each pig for 5 periods on the basis of determined events, such as loading, transportation, unloading, lairage, and just before slaughter. The delta GIT temperatures values within treatments were obtained by the difference between the measured GIT temperature at any determined event and the GIT temperature measured at rest (basal level).
At exsanguination, 10 mL of blood were collected in a tube (BD Vacutainers, VWR International Ltd., Montreal, QC, Canada) to extract serum for creatine kinase (CK), cortisol, and acute phase proteins (haptoglobin and Pig-MAP) analysis. Another 2 mL of blood were collected in a tube containing 3.0 mg of sodium fl uoride and 6.0 mg of Na 2 EDTA solution to extract plasma for lactate analysis. The 2-mL blood tubes were immediately centrifuged at 4°C for 12 min at 1,400 × g, and plasma was transferred into 1.5-mL Eppendorf tubes and stored at −80ºC until lactate determination. Serum samples were kept at room temperature (~23°C) for 1 h before refrigeration at 4°C. The next day, serum samples were centrifuged at 4°C for 12 min at 1,400 × g, transferred to 1.5-mL Eppendorf tubes, and stored at −80°C until analysis. Lactate concentrations were measured using a commercially available kit (Lactate Assay Kit, Biomedical Research Service Center, University of Buffalo, Buffalo, NY) and CK concentrations with creatine kinase-sl kit (Creatine Kinase-SL Assay of Chemicals Diagnostic Limited, Vancouver, BC, Canada). Plasma lactate concentrations were determined with a microplate reader and serum CK concentrations with a spectrophotometer. The quantitative determination of serum cortisol was made using a commercial kit (DRG Cortisol Enzyme Immunoassay kit, DRG Instruments GmbH, Marburg, Germany), with a microplate reader and expressed as ng/mL. Haptoglobin concentrations were quantifi ed by a spectrophotometric method (hemoglobin-binding assay) and performed on an automated analyzer (AU400; Olympus, Hamburg, Germany). Serum Pig-MAP concentrations were assessed with an Elisa kit (PigCHAMP ProEuropa, Segovia, Spain) with a microplate reader and expressed as mg/mL. The intra-assay CV was 5.04, 3.99, 4.05, 1.9, and 8.5% for plasma lactate, serum CK, plasma cortisol, haptoglobin and Pig-MAP, respectively.
Carcass Quality Measurements
After slaughter, carcasses were eviscerated, split, and chilled according to standard commercial practices. Hot carcass weight and carcass lean percentage (by Destron probe) were recorded, and HCW was used to calculate dressing percentage. Skin damage was assessed on the day of slaughter in the cooler using the 5-point, photographic scale (1 = none to 5 = severe; MLC, 1985) , whereas bruises were classifi ed as fi ghting type bruises (1 = fewer than 10 bruises; 2 = 11 to 20 bruises; and 3 = more than 20 bruises) or mounting (score 1 = fewer than 5 bruises; 2 = 6 to 10 bruises; and 3 = more than 10 bruises) by visual assessment of shape and size according to the photographic standards of the Institut Technique du Porc (ITP, 1996) as described by Faucitano (2001) . According to the ITP scale, bruises due to biting during fi ghting are 5 to 10 cm in length, comma shaped, and concentrated in high number in the anterior (head and shoulders) and posterior (ham) regions of the carcass.
Long (10 to 15 cm), thin (0.5-to 1-cm wide), comma shaped bruises densely concentrated on the back of pigs caused by the fore claws were classifi ed as mounting type bruises.
Meat Quality Measurements
Ultimate pH (pHu) was measured in the LM, semimembranosus (SM), and adductor (AD) muscles at 24 h postmortem with a temperature-compensating, speartype probe (Cole-Palmer Instrument Co., Vernon Hills, IL) attached to a pH meter (pH 100 series; Oakton Instruments, Vernon Hills, IL). In addition, color data were collected on the LM and SM after a 30-min bloom period. Visual color was evaluated using the Japanese color standards (Nakai et al., 1975) , whereas instrumental color (L*, a*, and b* values) was measured with a Minolta Chroma Meter (CR-300; Minolta Canada Inc., Mississauga, ON, Canada) equipped with a 25-mm aperture, 0° viewing angle, and D65 illuminant. Drip loss was measured in the LM and SM using the modifi ed EZ-driploss method of Correa et al. (2007) . Briefl y, 3 25-mm-diameter cores were removed from the center of 2.5-cm-thick LM (removed at 3rd/4th last rib) and SM chops, weighed, and placed into plastic drip loss containers (Christensen Aps Industrivaengetand, Hilleroed, Denmark), before being stored for 48 h at 4°C. At the end of the 48-h storage period, muscle cores were removed from their containers, surface moisture was carefully dabbed, cores were reweighed, and drip loss percentage was calculated by dividing the difference between initial and fi nal core weights by the initial core weight. Electrical conductivity was assessed by inserting the pork quality meat probe (PQM-I-INTEK, Classpro GmbH, Sielenbach, Germany) into the same 3 sites where muscle cores were removed from the LM and SM chops.
Statistical Analysis
Data were analyzed using the mixed model procedure (SAS Inst. Inc., Cary, NC) for repeated measures with treatments in a 2 × 3 factorial arrangement, with 2 trailer types (PB vs. FD) and 3 crossbreeds (50Nn, 50NN, and 25NN). Trailer type and pig crossbreeds were included in the model, as well as their interaction, as fi xed effects. The means were calculated using the 'lsmeans' option of the mixed model procedure (PROC MIXED) in SAS. Differences in the mean values between the levels of a factor were tested using a Tukey-Kramer correction for multiple comparisons. Behavior data not suitable for ANOVA analysis, such as those registered at unloading, were analyzed by the log-normal distribution model (Poisson). A probability level of P < 0.05 was chosen as the limit for statistical signifi cance in all tests. Probability levels of P ≤ 0.10 were considered as a tendency.
RESULTS AND DISCUSSION

Environment Variation inside the Trailer
During transportation, the variation of heat and moisture produced by the animals combined with ambient temperature and internal air fl ow can have a major impact on the thermoregulation of the animal, potentially compromising its welfare (Lambooij, 1988; Kettlewell et al., 2001; Lenkaitis et al., 2008) . During the trial, the average ambient temperature during transport was 8.1ºC, ranging from −5.1 to 19.4°C. Overall, in both types of trailers, temperatures increased during pig loading and decreased when the vehicle was in motion as a result of increased ventilation (Chevillon, 2005) . However, Table 3 . Average and delta temperatures (T and DT, respectively) 1 , relative humidity, humidity ratio, and delta humidity ratio (RH, HR, and DHR, respectively) 2 and temperature humidity index (THI) inside the potbelly (PB) and fl at-deck (FD) trailers at the time periods of preloading, loading, transport, and unloading (n = 6 replicates) The difference between humidity ratio inside the trailer and the external environment temperatures were greater in the PB than the FD trailer during transport (P = 0.006) and at unloading (P < 0.001), suggesting less ventilation in the PB trailer as it was in motion or stationary (Table 3) . explained that the poor ventilation in the PB trailer was due to the punch-type pattern of the side openings, whereas the slatted-openings of the FD trailer afforded greater air-fl ow. The smaller (P < 0.0001) delta T observed at unloading in the FD trailer supports this observation (Table 3) . also reported higher internal temperatures in the PB trailer than in the FD trailer during transport and unloading periods. Within the PB trailer, registered temperatures were greater in compartments 6 and 11 at loading (P = 0.0001), before loading (P = 0.002), and during travel (P = 0.005), whereas within the FD trailer, compartment 3 had the greatest (P = 0.002) temperature at loading (Table 4 ). The increased temperature in the front compartments of the PB trailer may be explained by the absence of ventilation outlets in the front part of this trailer. Indeed, the greater (P ≤ 0.002; Table 5 ) delta T in compartments 6 and 11 at stationary periods supports the observation that the lack of outlets does not facilitate the removal of heat which is both collected in the rear compartments and transported by the air fl owing to the front of the trailer and is generated by the tractor engine in close proximity to these compartments (Lenkaitis et al., 2008) . The lower temperatures in the upper compartments of the PB trailer can be explained by the presence of more exposed surfaces and increased thermal radiation from the upper deck cooling these compartments (Lenkaitis et al., 2008; Brown et al., 2011) . The lack of insulation in the roofs of both trailers allowed heat to be lost through this surface. The temperature increase in the rear upper compartment of the FD trailer at loading may be attributed Table 4 . Average temperature (T), humidity ratio (HR), and temperature humidity index (THI) variation between compartments within the pot-belly and fl at-deck trailers during transport (n = 6 replicates) 1 The difference between the air inside and the ambient air outside the trailer 2 The difference between humidity ratio inside the trailer and the external environment to the effect of the loading order. This compartment was always the fi rst to be loaded and the heat generated by pigs combined with the lack of air fl ow (as the vehicle was stationary) may have contributed to the temperature rise at this location. It is also worth noting that the lower deck height and the proximity of the data loggers to the pigs may have contributed to the increase in T and HR values in the FD trailer. Indeed, when compared with the PB trailer, the FD trailer had lower ceilings for the middle (91.4 vs. 111.8 cm), bottom (96.5 vs. 111.8 cm), and upper (96.5 vs. 106.7 cm) decks, resulting in reduced room between the backs of the pigs and the deck ceiling, which prevents an adequate ventilation rate around the pigs. This was particularly the case in the lowest compartments which did not comply to the 30-cm minimum head room between the ceiling and the greatest point on the pig recommended by the European Commission to ensure adequate airfl ow in vehicles with natural ventilation (EU-SCAHAW, 2002). The lower deck height also reduced the distance between the data loggers and the pigs, which may be responsible for the increase of T and HR values. The DHR only varied between trailers before loading with greater (P = 0.007) values in the PB trailer (Tables  3) . At loading, greater (P = 0.0002) HR and DHR were observed in the rear upper compartment in the FD trailer, whereas greater (P = 0.0002) HR and DHR were found in compartments 6 and 11 inside the PB trailer indicating less airfl ow at those locations (Table 4 and 5).
The THI was greater (P ≥ 0.003) in the PB trailer during transport and at unloading (Table 3 ). Higher (P ≥ 0.003) THI were recorded in compartments 6 and 11 of the PB trailer at loading and during transport and in compartment 3 of the FD trailer at loading (Table 4) . These results would refl ect the aforementioned variation in T and HR among compartments within each trailer. However, the THI recorded in this study was below the THI threshold (23.9°C) indicator of potential risk for heat stress in pigs (NWSCR, 1976; Lucas et al., 2000) .
Behavioral Response
Loading. Loading and unloading are important sources of stress for pigs because of the reaction of pigs to environmental change and close human contact (Bradshaw et al., 1996; Chevillon, 2001; Edwards et al., 2010b) . Aside from the tendency of pigs to move backwards (0.047 vs. 0.094 ± 0.017 occurrences/pig; P = 0.06; results not presented) during loading on the FD trailer, no differences in behavior were observed between the 2 trailers at loading. The greater occurrence of pigs loading backwards may be explained by the presence of a step at the entrance into the trailer resulting from the middle and upper moving decks being piled up on the bottom deck fl oor during loading because these decks were the fi rst to be loaded and then lifted up to allow the loading of the bottom deck. Height differences between the truck deck and loading ramp have been implicated as cause in the refusal of pigs to move forward (EU-SCAHAW, 2002) . Crossbreed type had no effect on behavioral responses at loading, and load time did not differ between trailer types (4.2 vs. 4.3 ± 0.4 s/pig; P = 0.90; results not presented) or among the 50Nn, 50NN, and 25NN pigs (4.4, 4.4, and 4.0 ± 0.4 s/pig, respectively; P = 0.53; results not presented).
Unloading and Lairage. Accounting for the number of pigs, the time taken to unload pigs from the PB trailer was longer (P = 0.007) than from the FD trailer (1.01 vs. 0.8 ± 0.01 s/pig; results not presented). Torrey et al. (2008) reported that unloading pigs from the PB trailer took greater time compared with unloading from a double-decked truck equipped with a moving upper deck. The longer unloading time was the result of greater diffi culty in handling pigs exiting the truck because of the presence of internal ramps and a step between the trailer fl oor and the slaughter plant dock. The greater diffi culty in handling was refl ected by the greater (P = 0.007) number of interventions (hand taps) on pigs unloaded from the PB trailer compared with those unloaded from the FD trailer (0.65 vs. 0.37 occurrences/pig; results not presented). There were interactive effects of trailer type and crossbreed type for overlaps (P < 0.001; Figure 2 ) and slips and falls (P < 0.01; Figure 3) , with 50NN and 25NN pigs overlapping more than 50Nn pigs and 50Nn and 50 NN pigs slipping and falling more than 25NN pigs at unloading from the FD trailer compared with the same crossbreeds in the PB trailer. The greater frequency of overlaps and slips and falls was observed when unloading compartment 3, which was located on the top fl oor of the FD trailer, which confi rms the effect of the presence of the step on the bottom deck fl oor previously observed at loading. No difference in other behaviors was observed among crossbreeds or trailer types at unloading.
During lairage, latency to rest was shorter (P = 0.04) for pigs unloaded from the PB trailer than the FD trailer (30 vs. 38 ± 3 min; results not presented). The difference in the time taken to lie down in the lairage pen between pigs transported in the PB and FD trailers may indicate either that 1) PB-transported pigs were more fatigued than the FD-transported pigs because of the physical exertion needed to negotiate the ramps, or 2) FDtransported pigs were more excited than PB-transported pigs because of the greater diffi culty of handling (more overlaps and falls) at the exit of the FD trailer. Latency to rest did not differ between crossbreeds (P = 0.68).
Physiological Measurements
In response to heat stress, the sympathetic vasodilator system can increase blood fl ow in the skin, which, in turn, increases convective heat transfer from the core to the periphery (Charkoudian, 2003) . For this reason, GIT temperature is considered an indirect indicator of the variation in metabolic rate of pigs in response to heat stress (Webb, 1995) , which has an impact on pig physiology and pork quality (Hambrecht et al., 2005; Ritter et al., 2009 ). Similar to previous studies which reported increased GIT temperatures of pigs in response to loading and transportation (Carr et al., 2008; Tamminga et al., 2008) , delta GIT temperature tended to be greater (P = 0.06) in PB-transported pigs compared with FD-transported ones at loading (Table 6 ). This result is in agreement with previous fi ndings (Tamminga et al., 2008) where different GIT temperatures were reported between pigs loaded on a PB trailer equipped with less steep (up to 19° lower slope) ramps and pigs loaded on a double-decked truck using hydraulic devices. Overall, delta GIT temperatures progressively decreased from loading to unloading, with the most evident decline being recorded during transportation because of the effect of the ventilation. Pigs unloaded from the PB trailer presented greater (P = 0.01) delta GIT temperatures, probably because of the warmer and more humid environment inside this trailer type (Table  3) . After unloading, GIT temperatures increased until prestunning and tended to be greater (P = 0.06) in pigs unloaded from the PB trailer. This result would indicate that PB pigs were still under the effects of transport and unloading stress at the time of slaughter. Delta GIT temperatures did not differ between crossbreed types. However, when compared with 50Nn and 50NN pigs, the decrease in GIT temperature tended to be pronounced in 25NN pigs during transport (P = 0.09). The greater GIT in crossbreeds with the 50% Pietrain crossbreeding may refl ect the diffi culty of this breed to dissipate heat under humid (greater RH values) conditions. Lactate, CK, and cortisol concentrations are often used as stress indicators and predictors of meat quality variation in pigs (Doizé et al., 1989; Fàbrega et al., 2004; Edwards et al., 2010a) . Blood CK and lactate concentrations are indicators of physical stress (Bickhardt and Wirtz, 1987; , whereas the variation in cortisol concentrations in blood generally indicates a fear/arousal response caused by psychological stressors (Knowles and Warriss, 2000) . There were no (P ≥ 0.10) interactive effects of trailer type and crossbreed on any blood constituent measured; therefore, data were pooled across treatments and only the effects of trailer type and genotype are presented in Table 7 . There was a trend for plasma lactate concentrations to be greater (P = 0.07) in pigs transported in the FD trailer, whereas serum cortisol concentrations were increased (P = 0.02) in PB-transported pigs. On the basis od the relatively rapid speed of plasma lactate to return to basal concentrations after physical exercise (2 h; Benjamin et al., 2001) , the greater lactate in blood at slaughter may refl ect the increased behavioral response of pigs from the FD trailer compared with those from the PB trailer. Because blood cortisol concentrations can be an indicator of long-term stress response (Nyberg et al., 1988; Bradshaw et al., 1996) , greater serum cortisol concentrations at slaughter in PB-transported pigs may indicate their incomplete recovery from the additive effect of the handling and transportation stressors.
Similar to Fàbrega et al. (2002) , the presence of the HAL gene affected serum CK concentrations at slaughter, with concentrations being greater (P < 0.001) in 50Nn pigs compared with 50NN and 25NN pigs (Table 7) . Additionally, plasma lactate concentrations were greater (P = 0.003) in 50Nn and 50NN than in 25NN pigs. These results would indicate that pigs with a greater percentage of Pietrain crossbreeding were generally more fatigued at slaughter, whereas the increased serum CK concentrations, typically associated with muscle damage and fatigue, were more pronounced in pigs carrying the HAL gene. Similar to a number of previous studies (Geers et al., 1994 , Yoshioka et al., 2004 Breinekova et al., 2007) , no effect of the HAL gene was found on serum cortisol concentrations at slaughter in this study.
Previous studies (Saco et al., 2003; Salamano et al., 2008; Averós et al., 2009) showed an increase in concentrations of acute phase proteins (haptoglobin and Pig-MAP) in blood, refl ecting the occurrence of an infl ammatory response caused by tissue injury, damage, or trauma (Baumann and Gauldie, 1994; Lampreave et al., 1994; Heegard et al., 2011) in response to transport stress. In the present study, neither trailer design (P = 0.29) nor crossbreed (P = 0.18) affected the serum concentrations of either acute phase protein at exsanguination. The explanation for this lack of effect can be 2-fold. First, the length of the preslaughter period may not have been suffi ciently long enough to cause a signifi cant variation of blood acute phase proteins. In fact, Piñeiro et al. (2007) reported only a moderate increase in acute phase proteins after 12 h of transportation and 6 h of lairage. Second, similar to previous studies (Piñeiro et al., 2007; Salamano et al., 2008) , the effects of trailer type and crossbreed on the variations in serum acute phase proteins in blood at slaughter may have been confounded by other stressful preslaughter conditions which were not controlled in the present study.
Carcass and Meat Quality Traits
Dressing percentages (P = 0.01) and carcass lean yields (P < 0.001) were greater in 50Nn pigs than 50NN and 25NN pigs (Table 8 ). The effect of the HAL gene on these carcass traits has been reported in previous studies (Monin et al., 1981; Zhang et al., 1992; Gispert et al., 2007 ). An interaction was found between trailer and crossbreed type for skin damage and fi ghting-type bruise scores, with 50Nn pigs transported on the PB and 50NN pigs transported on the FD trailer showing a greater skin damage score (P = 0.05). Bruises observed on the carcasses of these pigs were mostly of fi ghting type (P = 0.006). Since no difference in the activity rate (latency to rest) was found between crossbreeds in lairage, it may be assumed that, in the case of 50Nn pigs transported on the PB trailer, the greater number of bites may have originated from fi ghting occurring in the PB trailer during the wait at the farm before departure. As groups were kept intact (no mixing) in the trailer, the greater aggressiveness of 50Nn pigs transported on the PB trailer may be related to the excitement caused by the stress of negotiating ramps. Although the greater skin damage score in 50NN carcasses may be explained by the greater frequency of overlaps and slips and falls at unloading, the greater number of fi ghting-type bruises in FD-transported pigs is hard to explain.
Except for drip loss in the LM muscle, which tended to be greater (P = 0.08) in pigs transported in the PB trailer, meat quality was not affected by trailer type ( Table 9 ). The greater drip loss in pigs transported on the PB trailer may result from the physical effort of live pigs to negotiate internal ramps. In agreement with previous studies (Leach et al., 1996; Pommier et al., 1998; Salmi et al., 2010) , the HAL gene had a detrimental effect on pork quality as the LM from 50Nn pigs had lower (P < 0.001) pHu and greater electrical conductivity and drip loss percentages (P < 0.001) than the LM from 50NN and 25NN pigs. Furthermore, the SM from 50Nn pigs was paler (greater L* values; P = 0.02) than the SM of 50NN and had greater electrical conductivity (P = 0.009) and drip losses (P = 0.002) than the SM from 50NN and 25NN pigs. The pHu value was greater (P < 0.001) in the AD muscle of 50Nn and 50NN pigs, but did not exceed the pHu threshold of 6.3, which, when exceeded in red muscles such as the AD, is indicative of DFD pork (Barton-Gade et al., 1996) . 2 1 = none to 5 = severe (MLC, 1985) 3 1 = less than 10 bruises to 3 = greater than 21 bruises (ITP, 1996) 4 1 = less than 5 bruises to 3 = greater than 11 bruises (ITP, 1996) 
Conclusions
Results of the present study indicated that genetics has a larger impact on animal welfare variables and pork quality traits than the trailer type used for longdistance transportation. The long transportation time may have masked the effect of trailer type, because pigs transported long distances with suffi cient space allowance have time to acclimate and recover from the stress of pretransit loading (Pérez et al., 2002) . However, results of this study also suggest that the design of both trailer types should be modifi ed to improve the comfort of pigs during transportation, especially ventilation, and ease of pig handling when exiting the trailer (presence of steps and ramps). Increasing the proportion of Pietrain inheritance from 25 to 50% in crossbred pigs appears to cause pigs to be more responsive to stress, regardless of HAL genotype. However, the greater stress susceptibility associated with increasing the percentage of Pietrain does not appear to detrimentally affect pork quality unless the Pietrain-crossbred pig carries the HAL gene.
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